We summarize the treatment effectiveness and experience of a patient who underwent internal carotid balloon occlusion combined with Intermediate-fl ow bypass as a treatment for large-giant cavernous sinus segment internal carotid artery (CS ICA) aneurysms.
A 62-year-old woman presented with a large aneurysm on the right side of the cavernous sinus with dizziness for about two years and Oculomotor nerve palsy. An extracranialintracranial (EC-IC) Intermediate-fl ow bypass using a radial artery bypass graft (RABG) and proximal balloon occlusion of the Right ICA were performed. The patient experienced no new neurologic defi cit after this treatment. Followup radiologic evaluations using Computed Tomography Angiography revealed complete aneurysm occlusion.
For patients with large-giant CS ICA aneurysms, treatment of ICAocclusion combined with Intermediate-fl ow superfi cial temporal artery-Radial artery-middle cerebral artery bypass surgery was an effective and safe surgical strategy.
Keywords: Internal carotid ligation, Large-giant cavernous sinus segment aneurysms,Intermediate-fl ow bypass, Middle cerebral artery, superfi cial temporal artery. C S ICA aneurysms account for 3%-5% of all intracranial aneurysms. 9 These aneurysms bear relatively lower risk due to their location being outside the dura mater and may not result in subarachnoid hemorrhage even when ruptured. Due to the presence of CS, dura mater and other surrounding structures the CS ICA aneurysms grow slowly. In clinical practice, patients with small CS ICA aneurysms with no obvious symptoms (e.g., eye movement dysfunction or visual impairment) are usually kept under observation. 6 However, a gradual increase in its size can extrude into the cranial cavity, compress the cranial nerves, which can lead to decreased 
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visual acuity, visual fi eld defect, or eye movement disorder. Moreover, surgical intervention is often indicated when there is a risk of subarachnoid hemorrhage. Ipsilateral ICA ligation/occlusion combined with or without EC-IC bypass has been one of the surgical strategies used for the treatment of large-giant CS ICA aneurysms. It has a low postoperative recurrence rate compared to endovascular treatment and the surgical technique requirement for EC-IC bypass is relatively simple, compared with direct clipping. There is still insuffi cient evidence from an established evidence-based medicine for a specifi c surgical strategy after ICA ligation/occlusion to address questions such as under certain scenarios. These include when to perform bypass, how to select the appropriate fl ow type of bypass, in which case should ICA distal to the aneurysm be clipped and many more. In this case study, we report a case of a 62-year-old woman diagnosed with large-giant CS Right ICA aneurysms, who was successfully treated with ipsilateral ICA balloon occlusion combined with high fl ow superfi cial temporal artery (STA)-Radial artery (RA)-middle cerebral artery (MCA) bypass.
Case Report

Clinical manifestation
A 62 years old woman was presented to our clinic because of dizziness for two years and oculomotor nerve palsy. Her past and family history was unremarkable. No signifi cant positive signs were found in the neurological examination. Laboratory examinations revealed no abnormalities, and physical examination was unremarkable. Initial head Computed Tomography Angiography (CTA) demonstrated a large aneurysm on the right side of the cavernous sinus (Figure 1, A) . Preoperative Digital Subtraction Angiography (DSA) confi rmed the presence of a largeirregular aneurysm on the right side of the CS (Figure 1 , B, C), which was 13*19 mm in size. The patient underwent carotid ultrasonography, to rule out the presence of cervical vessel stenosis. Under the supervision of a neurosurgeon, the patients were required to complete an ipsilateral Matas pressing test of the carotid artery in the clinic six times every day. Each pressing lasted for 20 minutes, and the whole training period lasted for six weeks (The disappearance of ipsilateral STA pulsation suggested that the occlusion training was valid).
Balloon Occlusion Test
Under local anesthesia, the patient underwent standard cerebral angiography and an ICA balloon occlusion test (BOT) on the affected side. After intravenous injection of 5000 UI heparin, the balloon catheter (EV3, Enfi eld, Connecticut, USA) was advanced to the C2 vertical body level. After the balloon infl ated, contrast material was injected through the catheter into a femoral artery to confi rm complete occlusion of the ICA. The BOT lasted for 30 minutes. The systolic blood pressure was reduced by 10%, and the patient was observed for another 10 minutes. After balloon occlusion at Right ICA, the aneurysm disappeared, contralateral angiography showed intact anterior circulation, the middle cerebral artery trunk and branches were well developed, and the development of the lentiform artery was delayed (Figure 2 , A). Contralateral ICA and/or vertebral artery angiography was also performed during the BOT process, to assess the compensation of the circle of Willis.
Treatment Strategies
(1) DSA showed a giant aneurysm in the cavernous sinus of the Right internal carotid artery. 
Surgical Procedures
In the perioperative period (before surgery, on the day of surgery, and on the day after surgery) the patient was required to take aspirin orally 100 mg/day. The surgery was performed under general anesthesia, and the patient received phenobarbital and hypothermia treatment (35° C) to protect the brain. The intraoperative neurophysiologic monitoring system (Cadwell, Kennewick, Washington, USA) was connected. Preparation of radial artery bypass graft (RABG) should be made preoperatively. The patient was kept in a supine position, the right shoulder padded and the head rotated 60° to the left. According to the preoperative location of the superfi cial temporal artery, the superior auricular arc incision was made, and the main trunk of the superfi cial temporal artery was dissected under the microscope to be used as a feeding artery and was conserved in papaverine gauze. In the following step, the patient underwent frontopterional craniotomy. After the dura mater was opened, a long straight segment of the ipsilateral MCA M1/M2 segment intersection was exposed and isolated under microscopic observation. Then, the systolic blood pressure was increased by 20% of the baseline blood pressure. The distal end of the radial artery was anastomosed with M2 segment of MCA using 10-0 Prolene. Next, the radial artery was temporarily blocked, and the distal end of the radial artery was anastomosed with the main trunk of the STA using 8-0 Prolene (Figure 3 , A-F). After the anastomosis was completed, indocyanine green angiography (ICG) was used to identify the blood fl ow patency. Routine angiography was performed which showed aneurysms. Two detachable balloons were used to occlude the cervical segment of the right ICA. The angiography showed that the anterior communicating artery compensated the right anterior circulation perfusion, and the right posterior communicating artery was uncompensated. The affected side was observed with electroencephalography (EEG) for half an hour. Compared with contralateral EEG activity, EEG activity of the surgical side did not show low perfusion changes, the balloon was detached. It was not necessary to expose or occlude the ICA distal to the aneurysm. The bone fl ap was reset, and the incisions in the head and neck were closed.
Assessment of Postoperative Anastomosis and Perfusion
The patient received head CTA + computed tomography perfusion (CTP) examinations on the fi rst day (Figure 4 , A-C) and three months (Figure 4 , D-F) after the surgery, to understand the patency of vessel anastomosis and the cerebral perfusion of the surgical side. 
Discussion
Recent treatment options for symptomatic giant cavernous ICA aneurysms include EC-IC bypass with parent artery occlusion (PAO). 2, 3, 7, 8, 16 The favorable results of EC-IC bypass with PAO have been reported previously, 2, 3, 7, 8, 16 although it requires the parent artery to be occluded. However, few reports have discussed the treatment and experiences of High fl ow bypass surgery in CS ICA aneurysm. 4, 10, 17 Our case showed cranial nerve compression symptoms with higher expectations for improvement of her symptoms. Therefore, interventional embolization treatment was not considered as the preferred option. Also, although in some specifi c complex intracranial aneurysms fl ow diverters (FDs) can yield satisfactory results, our patient favored surgical treatment over FD treatment because of medical cost (FD treatment is expensive in China) and long-term effi cacy (ICA ligation combined with STA-MCA has a low long-term recurrence rate). Therefore, fi rst, ICA occlusion combined with EC-IC bypass surgery was considered as a viable surgery strategy, which supported safety at the anatomic level. Some authors have recommended surgical strategy based under single photon emission computed tomography (SPECT) results after balloon occlusion of the ipsilateral ICA. The patient should receive ICA blockage combined with EC-IC bypass surgery, if the results indicate decreased ipsilateral cerebral perfusion or otherwise, the patient should undergo simple ICA blockage. 11, 19 However, in our opinion, only ICA blockage may not be an ideal choice. Many studies have shown 10%-22% of patients showed symptoms and signs of ischemic complications (falsenegative BOT) even when the decreased cerebral perfusion caused by BOT is well tolerated. 1, 5, 13, 15 Roski et al.and Oldershaw and Voris have also reported that the incidence of delayed ischemic complications was 1.4% and 1.9% per year, respectively. While planning EC-IC bypass with PAO for complex cerebral aneurysms. 12, 14 Controversy remains regarding the type of bypass, whether low fl ow or high fl ow, for each patient. The high-fl ow bypass is recommended to guarantee suffi cient fl ow after PAO. 7, 8 On the other hand; the advantages of selective cerebral revascularization with PAO have been demonstrated. 3, 16 Cerebral hemodynamic assessment is an important basis for selecting high fl ow bypass. Balloon occlusion test, in this case, showed the right middle cerebral artery and its branches developed after anterior circulation was intact, but lenticular artery development was delayed. 1/3 rd of the patients with good anterior communicating circulation may still have ischemic related complications after the operation. Although there was no obvious transient limb paralysis during the BOT, the delayed perfusion of the lenticular artery suggested that the compensatory blood supply of the collateral and circle of Willis might be insuffi cient, and occlusion of the internal carotid artery alone might lead to delayed watershed ischemia. In light of the high risk of ischemic complications in our case, the patient and we selected EC-IC bypass with PAO. Based on these fi ndings, we used a high-fl ow EC-IC bypass on the dominant hemisphere, and the postoperative angiography showed the synchronization of the bilateral lenticular artery in the present case (Figure 2, B) . Postoperative TCD showed that the perfusion fl ow of STA trunk was signifi cantly larger than that of the STA branch. The fl ow of STA branch was 40ml/min, and that of STA trunk was 90ml/min ( Figure 5, A-B) .
Regarding ICA blockage methods, Yutaka et al. 19 reported that the patients were required to receive craniotomy or endovascular treatment to achieve complete blockage of the ICA proximal and distal to the aneurysm if BOT results suggested that contralateral compensatory blood refl uxed back to the aneurysm cavity, This situation applied even if the ipsilateral ophthalmic artery had to be sacrifi ced, which could avoid regurgitated blood entering into the aneurysm lumen. Yoichi et al. 18 also reported that if the BOT result suggested blood refl ux into the aneurysm lumen, the aneurysm should be completely isolated with interventional embolization.
However, we disagree with this point of view. In our opinion, for all the patients, irrespective of those who showed contralateral blood refl ux into the aneurysm lumen or those who did not, it was not necessary to occlude the ICA distal to the aneurysm. Following proximal ICA blockage, the blood fl ow and the impact to the aneurysm lumen are greatly decreased even if it is still provided with the regurgitant blood. Furthermore, in this case, the aneurysm lumen can also be regarded as a blind-ending branch after ICA blockage. Therefore, over the time thrombus formation could be observed gradually in the aneurysm cavity as a result of less and slower blood fl ow. The blood fl ow of the ipsilateral ophthalmic artery could be preserved as far as possible. The sequential results of postoperative CTA examination further corroborated our view (Figure 4 , B, E).
Conclusions
We here described the case of a 62-year-old woman presented with a large aneurysm on the right side of the cavernous sinus which was successfully managed by Intermediate fl ow EC-IC bypass with balloon occlusion of right ICA. For patients with large-giant CS ICA aneurysms, the treatment of internal carotid occlusion combined with Intermediate-fl ow EC-IC bypass (STA-RA-MCA bypass) surgery was an effective and safe surgical strategy. Single-photon emission computed tomography STA: Superfi cial temporal artery
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